stimulus prior to the image acquisition process, 7 with the goal of increasing the temperature differences between the lesion and the surrounding skin, or in a steady-state, without any heat stress. Thus, several researchers have studied the use of dynamic infrared in skin neoplasms, as a complementary tool in the diagnosis process, to improve the accuracy of the procedure, decreasing, simultaneously, the stress and discomfort of the patient. [8] [9] [10] This systematic review aims to ascertain the current state of the applications of medical thermography in skin neoplasms, as well as understand possible challenges that can arise during this process, establishing improvements for future studies conducted in this area.
| MATERIAL AND ME THODS

| Search strategy
The literature research was conducted, using the following com- 
| Screening and eligibility results
The title and abstracts of the encountered publications were, firstly, analysed, including only the articles that referred the use of medical thermography for the evaluation of skin neoplasms. The final set of articles was then separated into three main classes: clinical studies for diagnosis applications, treatment monitoring in clinical situations and theoretical studies, for a full-text review. The entire process was performed taking into account the PRISMA rules for systematic reviews described in Refs. (11, 12) . 
| RE SULTS
The conducted bibliographic search resulted in a total of 51 publications, being 10, 9 and 32 encountered in ISI Web of Knowledge, PubMed and Scopus respectively. Four additional records were identified through Google Scholar, being included in the literature search results. After duplicate removal, 29
Adapted from Moher et al articles were kept. The abstract and title screening resulted in the exclusion of 3 articles, since no application of medical thermography to skin neoplasms was studied in the publication.
The eligibility criteria previously mentioned lead to the elimination of 12 articles, being the first, second, third and fourth criterion responsible for the exclusion of 1, 3, 3 and 5 publications respectively. Thus, 14 full-text articles remained for revision, 6 articles describe the use of IRT as a diagnosis support tool in clinical applications, 3 concern the use of thermography for skin neoplasms treatment screening in clinical studies and 5 are included in the theoretical studies category, for diagnosis purposes.
| Diagnosis support method-clinical studies
Concerning the use of IRT for the detection and identification of skin lesions, consent is verified in all the articles, indicating that thermography, applied with all its variants, has the possibility to be an effective complementary diagnostic support tool. The differences in temperature encountered between lesion areas and the surrounding tissue proved to be useful in the distinction between malignant and benign skin neoplasms. 13, 14 Godoy et al 13 evidenced these results, using dynamic thermal imaging (DTI), with the recordings of the thermal recovery of skin tumours, after the application of a cold stress, achieving sensitivity and specificity values of 95% an 83%
respectively.
The characterization of distinct types of skin lesions using IRT, has also been successfully studied, with the goal of providing more information to the practitioner during the diagnosis process, either by a steady-state 15 or a dynamic 16 process. A common idea is denoted by Di Carlo et al, 16 with respect to the thermal patterns pre- Infrared thermal imaging proved to be a secure tool to aid in the detection of melanoma 17, 18 with high specificity, even though it presents varying sensitivity values, depending, partly, on the equipment used. Solivetti et al 17 showed that telethermography, associated with thermo-stimulation, allows the detection of melanoma skin cancer without false positives, avoiding discomfort and stress for patients with unnecessary biopsies. Moreover, in a distinct study, 18 DTI was able to detect 60.87% of early melanomas, showing the potential of this tool for precocious diagnosis.
| Treatment monitoring-clinical studies
Apart from diagnosis, medical thermography has demonstrated its usefulness on the patient follow-up, through the evaluation of skin lesions, such as AK 19 and melanoma, 20 
| Theoretical studies
| D ISCUSS I ON OF TRENDS AND FUTURE CHALLENG E S
For clinical studies, the increase in the patient population number is one of the main trends appointed for future work, by some authors, 13, 16, 17, 21 in order to confirm the validity of the presented methods and attain extensive statistical analysis. The development of new image acquisition protocols is also of concern, due to the common presence of hair, that affects the thermal measurements, and the need of patient immobility, during the image acquisition process, which can be uncomfortable for the subject under test. 13 Further research, focusing on the development of new diagnosis algorithms, for the analysis and processing of the thermal images, are needed, to improve the final results. 15 It is of value to exploit, in a more detailed way, the physiology of skin neoplasms, to better understand the differences in temperature, between the lesion site and the surrounding healthy skin, during the thermal recovery. 13 Additionally, the definition of rates of specificity and sensitivity of the thermal information, retrieved from the studies' results, are also of importance. 15 Concerning theoretical approaches, the construction or refinement of 3D skin lesion computational models is necessary, in order to resemble, as much as possible, with a real biological model. 25 Upcoming research, related to the study of different modulation frequencies in LIT is appointed as necessary for the diagnosis of stage I and II melanoma. 22 Moreover, the investigation of different tumour sizes, locations and varying blood vessel sizes could also be of interest, for future work.
23,25
The use of IRT dynamically appears to be a rising tendency in skin cancer studies, 13, [16] [17] [18] [19] [22] [23] [24] 26 as a mean of improving thermal patterns, facilitating the detection and characterization of different skin cancer types.
| CON CLUS ION
Infrared thermal imaging is a non-invasive, inexpensive imaging modality that is easy to perform, taking advantage of thermal cameras to detect the infrared radiation emitted by the skin, to originate thermal patterns characteristic of a specific body region. It has been used not only as an assistive tool for the diagnosis of skin cancer lesions, such as, melanoma, BCC, SCC and AK but also for skin lesion monitoring after treatment. Even though, its success has been reported in the identification of skin cancer, theoretical studies indicate that early stage melanoma identification is still not achievable. Several improvements for future work have been noted with the goal of developing this technique to its full potential, particularly its dynamic application, increasing the quality of the medical services provided to the patients, in skin cancer-related procedures.
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